To our customers,

Old Company Name in Catalogs and Other Documents

On April 1%, 2010, NEC Electronics Corporation merged with Renesas Technology
Corporation, and Renesas Electronics Corporation took over all the business of both
companies. Therefore, although the old company name remains in this document, it is a valid
Renesas Electronics document. We appreciate your understanding.

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

Issued by: Renesas Electronics Corporation (http://www.renesas.com)

Send any inquiries to http://www.renesas.com/inquiry.
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Notice

All information included in this document is current as of the date this document isissued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful atention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any lossesincurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the devel opment of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errorsin or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific”. The recommended applications for each Renesas Electronics product depends on the product’ s quality grade, as
indicated below. Y ou must check the quality grade of each Renesas Electronics product before using it in aparticular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not bein any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as “ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is “ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home electronic appliances, machine tools; personal electronic equipment; and industrial robots.
“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.
“Specific”: Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose adirect threat to human life.
Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physica injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as aresult of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sdes office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com)

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written

approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes
on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1. Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in

the manual.

— The input pins of CMOS products are generally in the high-impedance state. In
operation with an unused pin in the open-circuit state, extra electromagnetic noise is
induced in the vicinity of LSI, an associated shoot-through current flows internally, and
malfunctions may occur due to the false recognition of the pin state as an input signal.
Unused pins should be handled as described under Handling of Unused Pins in the
manual.

2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LS| are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pin, the
states of pins are not guaranteed from the moment when power is supplied until the
reset process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-on
reset function are not guaranteed from the moment when power is supplied until the
power reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LSl is not guaranteed if they are
accessed.

4. Clock Signals

After applying a reset, only release the reset line after the operating clock signal has

become stable. When switching the clock signal during program execution, wait until the

target clock signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization
of the clock signal. Moreover, when switching to a clock signal produced with an
external resonator (or by an external oscillator) while program execution is in progress,
wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type number,

confirm that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers
may differ because of the differences in internal memory capacity and layout pattern.
When changing to products of different type numbers, implement a system-evaluation
test for each of the products.
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Configuration of This Manual

This manual comprises the following items:

1. General Precautions on Handling of Product
2. Configuration of This Manual

3. Preface
4

. Main Revisions for This Edition (only for revised versions)

The list of revisions is a summary of points that have been revised or added to earlier versions.
This does not include all of the revised contents. For details, see the actual locations in this
manual.

5. Contents

6. Overview

7. Description of Functional Modules
* CPU and System-Control Modules
¢ On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to the
module. However, the generic style includes the following items:

i) Feature

i1) Input/Output Pin
iii) Register Description
iv) Operation

v) Usage Note

When designing an application system that includes this LSI, take notes into account. Each section
includes notes in relation to the descriptions given, and usage notes are given, as required, as the
final part of each section.

8. List of Registers

9. Electrical Characteristics
10. Appendix

11. Index
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Preface

This LSI is a microcomputer (MCU) made up of the H8S/2000 CPU with Renesas Technology’s
original architecture as its core, and the peripheral functions required to configure a system.

The H8S/2000 CPU has an internal 32-bit configuration, sixteen 16-bit general registers, and a
simple and optimized instruction set for high-speed operation. The H8S/2000 CPU can handle a
16-Mbyte linear address space.

This LSI is equipped with ROM and RAM, a direct memory access controller (DMAC), a bus
master, a 16-bit timer pulse unit (TPU), a watchdog timer (WDT), a realtime clock (RTC), a
universal serial bus (USB), two types of serial communication interfaces (SCIs), an A/D converter,
and I/O ports as on-chip peripheral modules for system configuration.

A single-power flash memory (F-ZTAT™%*) version and masked ROM version are available for
this LSI’s ROM. The F-ZTAT version provides flexibility as it can be reprogrammed in no time to
cope with all situations from the early stages of mass production to full-scale mass production.
This is particularly applicable to application devices with specifications that will most probably
change.

This manual describes this LSI’s hardware.
Note: * F-ZTAT is a trademark of Renesas Technology, Corp.

Target Users: This manual was written for users who will be using the H8S/2218 Group and
H8S/2212 Group in the design of application systems. Target users are expected to
understand the fundamentals of electrical circuits, logical circuits, and
microcomputers.

Objective: This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2218 Group and H8S/2212 Group to the target users.
Refer to the H8S/2600 Series, H8S/2000 Series Software Manual for a detailed
description of the instruction set.

Notes on reading this manual:

o In order to understand the overall functions of the chip
Read the manual according to the contents. This manual can be roughly categorized into parts
on the CPU, system control functions, peripheral functions and electrical characteristics.

e In order to understand the details of the CPU’s functions
Read the H8S/2600 Series, H8S/2000 Series Software Manual.
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e In order to understand the details of a register when its name is known

Read the index that is the final part of the manual to find the page number of the entry on the
register. The addresses, bits, and initial values of the registers are summarized in section 21,

List of Registers.

Examples:  Register name: The following notation is used for cases when the same or a
similar function, e.g. 16-bit timer pulse unit or serial
communication, is implemented on more than one channel:
XXX N (XXX is the register name and N is the channel
number)

Bit order: The MSB is on the left and the LSB is on the right.

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx.
&

Signal notation: ~ An overbar is added to a low-active signal: xxxx

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.

http://www.renesas.com/
H8S/2218 Group, H8S/2212 Group Manuals:

Document Title

Document No.

H8S/2218 Group, H8S/2212 Group Hardware Manual

This manual

H8S/2600 Series, H8S/2000 Series Software Manual

REJ0O9B0139

User’s Manuals for Development Tools:

Document Title

Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor REJ10B0161
Compiler Package Ver. 6.01 User's Manual

H8S, H8/300 Series Simulator/Debugger (for Windows) User’'s Manual REJ10B0211
H8S, H8/300 Series High-performance Embedded Workshop, ADE-702-231
High-performance Debugging Interface Tutorial

High-performance Embedded Workshop User's Manual ADE-702-201

Application Notes:

Document Title

Document No.

H8S, H8/300 Series C/C++ Compiler Package Application Note

REJ05B0464
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)

1.1 Overview 1 Table amended

e On-chip memory H8S/2218 Group
ROM Part No. ROM RAM Remarks
Flash memory Version HD64F2218 128 kbytes 12 kbytes SCI boot mode

HD64F2218U 128 kbytes 12 kbytes USB boot mode
HD64F2218CU 128 kbytes 12 kbytes USB boot mode
HD64F2217CU 64 kbytes 12 kbytes USB boot mode

Masked ROM Version HD6432217 64 kbytes 8 kbytes —
2 Table amended
H8S/2212 Group
ROM Part No. ROM RAM Remarks
Flash memory Version HD64F2212 128 kbytes 12 kbytes SCI boot mode

HD64F2212U 128 kbytes 12 kbytes USB boot mode
HD64F2212CU 128 kbytes 12 kbytes USB boot mode

HD64F2211 64 kbytes 8 kbytes SCI boot mode

HD64F2211U 64 kbytes 8 kbytes USB boot mode

HD64F2211CU 64 kbytes 8 kbytes USB boot mode

HD64F2210CU 32 kbytes 8 kbytes USB boot mode
Masked ROM Version HD6432211 64 kbytes 8 kbytes —

HD6432210 32 kbytes 4 kbytes —

HD6432210S 32 kbytes 4 kbytes —

1.2 Internal Block 3 Description amended

Diagram The internal block diagram of the HD64F2218, HD64F2218U,
HD64F2218CU and HD64F2217CU is shown in figure 1.1. The
internal block diagram of the HD6432217 is shown in figure 1.2.
The internal block diagram of the HD64F2212, HD64F2212U,
HD64F2212CU, HD64F2211, HD64F2211U, HD64F2211CU
and HD64F2210CU is shown in figure 1.3.
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Item Page Revision (See Manual for Details)

1.2 Internal Block 3 Title and figure amended
Diagram om I =
Figure 1.1 Internal 888835 =3528¢
Block Diagram of J { J { l { } { l { :
HD64F2218, :
HD64F2218U, [ounaary scanmon]:
HD64F2218CU mp2  —— —
and HD642217CU e — —
EXTAL —— éw% :
XTAL —— Egg, :
PLLVCC —> g°g H
PLLVSS —— - !
0oscC1 ——— é :
osc2 E—— E :
sy . e m—
RES d Interrupts comml\i
NMI _— ]
FWE —_— '
._usenomow T m __ SEIEE I
Note *1 shown below deleted
Notes: 1. The FWE pin is provided only in the HD64F2218 and
HD64F2218U.
Figure 1.2 Internal 4 Note amended
Block Diagram of 1. The FWE pin is provided only in the flash memory version.
HD6432217
Figure 1.3 Internal 5 Title and figure amended
Block Diagram of N
HD64F2212, gy LEEESR!
HDB4F2212U, 888855 F88%¢c!
HD64F2212CU, :
HD64F2211, J :
HD64F2211U, HubTpors |
HD64F2211CU and . i
HD64F2210CU MD1 e —
MDO e :
EXTAL ——> émg :
XTAL ~ —— 24 '
PLLVCC ——— £°8 .
PLLVSS —— :
osct  —> 2,8 '
osc2 ——— E—gg :
STEY S| —
RES Interrupts co:
NMI [l
FWE —_ ’—'
SPNDITMOW .. =i !

Note *1 shown below deleted

Notes: 1. The FWE pin is provided only in the HD64F2212,
HD64F2212U, HD64F2211 andHD64F2211U.
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Item Page Revision (See Manual for Details)

1.2 Internal Block 6 Note amended

Diagram 1. The FWE pin is provided only in the flash memory version.
Figure 1.4 Internal
Block Diagram of

HD6432211,
HD6432210 and
HD6432210S
1.3 Pin 7 Description amended
Arrangements The pin arrangements of the HD64F2218, HD64F2218U,
HD64F2218CU and HD64F2217CU are shown in figures 1.5
and 1.6. The pin arrangements of the HD6432217 are shown in
figures 1.7 and 1.8. The pin arrangements of the HD64F2212,
HD64F2212U, HD64F2212CU, HD64F2211, HD64F2211U,
HD64F2211CU and HD64F2210CU are shown in figures 1.9
and 1.11.
Figure 1.5 Pin Title and figure amended
Arrangements of o
HD64F2218, 8:
HD64F2218U, &
HD64F2218CU and &,
HD64F2217CU (TFP- Poarbts Ho |
100G, TFP-100GV) e
FWE [so !
NMI (81

Note *1 shown below deleted

Notes: 1. The FWE pin is provided only in the HD64F2218,
andHD64F2218U.
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Item Page Revision (See Manual for Details)

Figure 1.6 Pin 8 Title and figure amended
Arrangements of A 5 c 5
HD64F2218, :
HD64F221 8U, 11 NC | PD3/D11 | PDO/DS | PES/DS
HD64F2218CU
and HD64F2217CU 10 |PDs/D13 | PD4/D12 | PD2/D10 | PET/DT
(BP-112, BP-112V)
9 FWE |PD7IDIS| NC | PDLDO |}
8 00" | EMLE" | NwmI | PDe/D14 E
7 | st | o | st | ek |
6 PF7lo | VSS vce | PF6/AS ;

Note *1 shown below deleted
Notes: 1. The FWE pin is provided only in the HD64F2218,

andHD64F2218U.

Figure 1.7 Pin 9 Note amended
Arrangements of 1. The FWE pin is provided only in the flash memory version.
HD6432217 (TFP-
100G, TFP-100GV)
Figure 1.8 Pin 10 Note amended
Arrangements of 1. The FWE pin is provided only in the flash memory version.
HD6432217 (BP-112,
BP-112V)
Figure 1.9 Pin 11 Title and figure amended
Arrangements of o
HD64F2212, a
HD64F2212U, —
HD64F2212CU, Fwe [ 40 |
HD64F2211, NMI (] 50
HD64F2211U, EMLE* [] 51
HD64F2211CU and [t i
HD64F2210CU e e
(FP-64E, FP-64EV) TRSTING ] 55

TDI/PGO* [] 56

vce [ 57

Note *1 shown below deleted

Notes: 1. The FWE pin is provided only in the HD64F2212,
HD64F2212U, HD64F2211 andHD64F2211U.
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Item Page

Revision (See Manual for Details)

1.3 Pin Arrangement 12

Figure 1.10 Pin
Arrangements of
HD6432211,
HD6432210 and
HD6432210S (FP-
64E, FP-64EV)

Note amended
1. The FWE pin is provided only in the flash memory version.

Figure 1.11 Pin 13
Arrangements of
HD64F2212,
HD64F2212U,
HD64F2212CU,
HD64F2211,
HD64F2211U,
HD64F2211CU and
HD64F2210CU
(TNP-64B, TNP-64BV)

Title and figure amended

N~

W

o

28!
FWE [ H
NMI [
EMLE* []
TDO/P77* [l
TCK/PTE* [
TMS/P75* [
TRST/NC* ]
TDIPGO* [l

Note *1 shown below deleted

Notes: 1. The FWE pin is provided only in the HD64F2212,
HD64F2212U, HD64F2211 andHD64F2211U.

Figure 1.12 Pin 14
Arrangements of
HD6432211,

HD6432210 and
HD6432210S (TNP-

64B, TNP-64BV)

Note amended
1. The FWE pin is provided only in the flash memory version.

1.5 Pin Functions 26

Table amended

Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type S ymbol TFP-100GV BP-112V  TNP-64BV 1/O Func tion
Boundary T™S 85 Cc7 54 Input Control signal input pin for the
scan boundary scan
(Supported only TCK 84 D7 53 Input Clock input pin for the boundary
by the
scan
HD64F2218,
HD64F2218U, TDO 83 A8 52 Output  Data output pin for the boundary
HD64F2218CU scan
and TDI 87 B7 56 Input Data input pin for the boundary
HD64F2217CU) scan
TRST 86 A7 55 Input Reset pin for the TAP controller
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Item

Page Revision (See Manual for Details)

3.4 Memory Map in

Each Operating Mode

Figure 3.1 Memory
Map in Each
Operating Mode for
HD64F2218,
HD64F2218U and
HD64F2218CU

Figure 3.2 Memory
Map in Each
Operating Mode for
HD64F2217CU

Figure 3.4 Memory
Map in Each
Operating Mode for
HD64F2212,
HD64F2212U,
HD64F2212CU,
HD64F2211,
HD64F2211U,
HD64F2211CU,
HD64F2210CU,
HD6432211,
HD6432210 and
HD6432210S

77 Title amended

78 Figure added

80 Figure replaced

4.3 Reset

83 Notes amended

Notes: TRST in the HD64F2218, HD64F2218U,
HD64F2218CU and HD64F2217CU, which incorporate
a boundary scan function, should be brought low when
power is on.
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Item Page Revision (See Manual for Details)
12.3.7 Serial Status 377 to Note added
Register (SSR) 379 Initial
. Bit Bit Name Value R/W Description
¢ Normal Serial 7 TDRE 1 R/W)*!  Transmit Data Register Empty
Communication féfééring conditions]
Interface Mode e When 0 is written to TDRE after reading TDRE = 1#2
(When SMIF in 6 RDRF 0 R/I(W)*!  Receive Data Register Full
SCMR is 0) féfééring conditions]
e When 0 is written to RDRF after reading RDRF = 1#2
5 ORER 0 R/(W)*!  Overrun Error
[Clearing condition]
e When 0 is written to ORER after reading ORER = 1#2
4 FER 0 R/(W)*'  Framing Error
[Clearing condition]
e When 0 is written to FER after reading FER = 1%2
3 PER 0 RI(W)*1 Parity Error

[Clearing condition]
e When 0 is written to PER after reading PER = 1#2

Note: 1. The write value should always be 0 to clear the flag.

2. To clear the flag by the CPU on the HD6432210S,
reread the flag after writing 0 to it.

e Smart Card Interface 380 to
Mode (When SMIF in 383
SCMR is 1)

Note added
Initial
Bit Bit Name Value R/W Description
7 TDRE 1 R/W)*'  Transmit Data Register Empty
tdééring conditions] )
e When 0 is written to TDRE after reading TDRE = 1*
6 RDRF 0 RI(W)*1 Receive Data Register Full
tdééring conditions] )
e When 0 is written to RDRF after reading RDRF = 1%
5 ORER 0 RI(W)*1 Overrun Error
tdééring condition] )
e When 0 is written to ORER after reading ORER = 1*
4 ERS 0 RI(W)*1 Error Signal Status
iél.é'aring condition] )
e When 0 is written to ERS after reading ERS = 1*
3 PER 0 R/(W)*"  Parity Error

iél.é'aring condition] )
e When 0 is written to PER after reading PER = 1*

Note: 1. The write value should always be 0 to clear the flag.

2. To clear the flag by the CPU on the HD6432210S,
reread the flag after writing O to it.

RENESAS
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12.3.11 Bit Rate 401 Table amended

RegiSter (BRR) Operating Frequency ® (MHz)

e Table 126 BRR Bit Rate 2 e 24
Settings for Various (bps) n N n ' n N
Bit Rates (Clocked 110 3 70— e !
Synchronous Mode) 250 2 124 2 e ,

500 1 249 2 v = —
1k 1 124 1 o - —
2.5k 0 199 1 e L2 149
5k 0 99 0 o ) 74
10k 0 49 0 - L1 149
25 k 0 19 0 v .0 239
50 k 0 9 0 0 119
100 k 0o 4 0 L0 59
250 k 0 1 0 e 23
500 k 0 0 0 - !
1M 0 e : 0 5
2MM E 0 2
256M X

aM '

sM e .

6M 10 0*

12.4.2. Receive Data 405 Note added

Sampling Timing and Note: * In this example the value of the ABCS bit in SEMRA_0

Reception Margin in is 0. When ABCS is set to 1, the basic clock frequency is eight

Asynchronous Mode times the bit rate and the receive data is sampled at the fourth

Figure 12.6 Receive rising edge of the basic clock.

Data Sampling Timing

in Asynchronous Mode

Section 13 Boundary 449 Description amended

Scan Function The HD64F2218, HD64F2218U, HD64F2218CU and

HD64F2217CU incorporate a boundary scan function, which is
a serial 1/0 interface based on the JTAG (Joint Test Action
Group, IEEEStd.1149.1 and IEEE Standard Test Access Port
and Boundary Scan Architecture).
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13.3.2 IDCODE 454
Register (IDCODE)

Table 13.3 IDCODE
Register Configuration

Description amended

...The HD64F2218, HD64F2218U, HD64F2218CU and
HD64F2217CU output fixed codes H'002A200F from the TDO.

Table amended
Bits

HDG64F2218,
HD64F2218U,
HD64F2218CU and |
HD64F2217CU codes !

Contents

14.3.5 USB FIFO 475 to
Clear Register 0 476
(UFCLRO)

Bit Table amended

Bit  Bit Name Initial Value R/W Description

7,6 — All0O R Reserved H
These bits are always rea;
modified. H

5 EP2CLR 0 w EP2 Clear* '
0: Performs no operation.f
1: Clears EP2 OUT FIFO.}

Note added

Note:* When DMA writes are enabled (EP2T1 set to 1 and
EP2TO set to 0 or 1 in UDMAR), it is not possible to
clear the data in the FIFO by writing 1 to EP2CLR. To
clear the data in the FIFO, disable DMA transfers (clear
EP2T1 and EP2T0 in UDMAR to 0) and then write 1 to
EP2CLR.

14.8.16 Clearing the 533
FIFO when DMA
Transfer Is Enabled

Description added

When DMA transfer is enabled (EP2T1 = 1 and EP2T0 =0 or 1
in UDMAR) at endpoint 2, it is not possible to clear OUTFIFO in
EP2. It is necessary to disable DMA transfer (EP2T1 = 0 and
EP2T0 = 0 in UDMAR) before clearing the FIFO.

Section 16 RAM 551

Description amended

The HD64F2218, HD64F2218U, and HD64F2218CU have 12
kbytes of on-chip high-speed static RAM. The HD6432217,
HD64F2211, HD64F2211U, and HD64F2211CU have 8 kbytes
of on-chip high-speed static RAM. The HD6432210 and
HD6432210S have 4 kbytes of on-chip high-speed static RAM.
The RAM is connected to the CPU by a 16-bit data bus,
enabling one-state access by the CPU to both byte data and
word data.
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Section 16 RAM 551 Table amended
Product Class ROM Type RAM Size RAM Address
H8S/2218 HD64F2218 Flash memory Version 12 kbytes H'FFCO000 to H'FFEFBF
Group HD64F2218U H'FFFFCO to H'FFFFFF
HD64F2218CU
HD64F2217CU
HD6432217 Masked ROM Version 8 kbytes H'FFD000 to H'FFEFBF
H'FFFFCO to H'FFFFFF
H8S/2212 HDF64F2212 Flash memory Version 12 kbytes H'FFCO000 to H'FFEFBF
Group HDF64F2212U H'FFFFCO to H'FFFFFF
HDF64F2212CU
HD64F 2211 8 kbytes H'FFDO000 to H'FFEFBF
HD64F2211U H'FFFFCO to H'FFFFFF
HD64F2211CU
HD64F2210CU
HD6432211 Masked ROM Version 8 kbytes H'FFDO00 to H'FFEFBF
H'FFFFCO to H'FFFFFF
HD6432210 4 kbytes H'FFEO00 to H'FFEFBF
HD6432210S H'FFFFCO to H'FFFFFF
17.1 Features 553 Table amended
e Sijze: Product Class ROM Size ROM Address
H8S/2218 Group ~ HD64F2218, HD64F2218U 128 kbytes ~ H'000000 to H'01FFFF
HD64F2218CU (Modes 6 and 7)
HD64F2217CU 64 kbytes H'000000 to H'00FFFF
(Modes 6 and 7)
H8S/2212 Group ~ HD64F2212, HD64F2212U 128 kbytes ~ H'000000 to H'01FFFF
HD64F2212CU (Mode 7)
HD64F 2211, HD64F2211U 64 kbytes H'000000 to H'00FFFF
HD64F2211CU (Mode 7)
HD64F2210CU 32 kbytes H'000000 to H'007FFF

e Two flash memory
operating modes

(Mode 7)

Description amended

— Boot mode

SCI boot mode: HD64F2218, HD64F2212, and

HDG64F2211

USB boot mode: HD64F2218U, HD64F2218CU,
HD64F2217CU, HD64F2212U, HD64F2212CU,
HD64F2211U, HD64F2211CU and HD64F2210CU
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17.1 Features 554

Figure 17.1 Block
Diagram of Flash

Note amended

Note: * 128 kbytes in the HD64F2218, HD64F2218U,
HD64F2218CU, HD64F2212, HD64F2212U and

Memory HD64F2212CU;
64 kbytes in the HD64F2217CU, HD64F2211,
HD64F2211U and HD64F2211CU.
32 kbytes in the HD64F2210CU

17.3 Block 558 Description amended

Configuration Figure 17.5 shows the block configuration of 128-kbyte flash

Figure 17.5 Flash
Memory Block
Configuration
(HD64F2218,
HD64F2218U,
HD64F2218CU,
HD64F2212,
HD64F2212U,
HD64F2212CU)

memory in the HD64F2218, HD64F2218U, HD64F2218CU,
HDHDG64F2212, HD64F2212U and HD64F2212CU.

Title amended

Figure 17.6 Flash 559
Memory Block
Configuration
(HD64F2217CU,
HD64F2211,
HD64F2211U,
HD64F2211CU)

Description and title amended

Figure 17.6 shows the block configuration of 64-kbyte flash
memory in the HD64F2217CU, HD64F2211, HD64F2211U and
HD64F2211CU.

Figure 17.7 Flash 560
Memory Block
Configuration
(HD64F2210CU)

Figure and description added

17.4 Input/Output Pins 561
Table 17.2 Pin
Configuration

Table amended

Pin Name 110 Function

USD+, USD- Input/output  USB data input/output HD64F2218U,

VBUS Input USB cable connect/cut detect DI 2ZEC),

— HD64F2217CU,

UBPM Input USB bus power mode/self power mode select Hpe4F2212U,
HD64F2212CU,
HD64F2211U

USPND Output USB suspend output

P36 (PUPD+) Output D+ pull-up control
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17.6 On-Board 567
Programming Modes

Table 17.3 Setting
On-Board
Programming Modes

Table amended

Mode

SCI boot mode :
(HD64F2218,
HD64F2212,
HD64F2211)

USB boot mode
(HD64F2218U,
HD64F2218CU,
HD64F2217CU,
HD64F2212U,
HD64F2212CU,
HD64F2211U,
HD64F2211CU,
HD64F2210CU)

17.6.1 SCI Boot Mode 569
(HD64F2218,

HD64F2212, and
HD64F2211)

Description amended

5. In boot mode, a part of the on-chip RAM area (four kbytes) is
used by the boot program. The area to which the programming
control program is transferred from the host is 8 kbytes
(H'FFCO000 to H'FFDFFF) in the HD64F2218 and
HD64F2212 and 4 kbytes (H'FFDO000 to H'FFDFFF) in
the HD64F2211 . The boot program area cannot be used
until the execution state in boot mode switches to the
programming control program.

17.6.2 USB Boot 573
Mode (HD64F2218U,
HD64F2212U, and
HD64F2211U)

Description amended

4. In boot mode, the 4-kbyte on-chip RAM area H'FFEO000 to
H'FFEFBF is used by the boot program. The programming
control program is transferred from the host stored in the 8-
kbyte area H'FFCO000 to H'FFDFFF in the HD64F2218U,
HD64F2218CU, HD64F2212U, and HD64F2212CU and the 4-
kbyte area H'FFDO00O to H'FFDFFF in the HD64F2211U,
HD64F2211CU and HD64F2210CU.
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22.2 Power Supply 658
Voltage and Operating
Frequency Range

Figure 22.1 Power

Supply Voltage and
Operating Ranges

Figure amended
(1) Mask ROM versions (except for HD6432210S)

Frequency f

System clock

24 MHz
16 MHz
6 MHz !
| . Sub clock
32768 kHz [---4----F---
0724 27 30 36

Power ssupply voltage Vee, PLLVcC, Drvee (V)

(2) Masked ROM version (HD6432210S)

Frequency f
System clock
24 MHz ]

Sub clock

3.0 3.6

Power ssupply voltage Vce, PLLVcc, Drvee (V)

Condition A: Vee = PLLVce = DrVece = 2.4 to 3.6V
Vref = 2.4V to Vee
Vss = PLLVss = DrVss = 0V
f=32.768 kHz, 6 MHz
T 20 to +75 (Regular specifications)
Ta = -40 to +85 (Wide-range specifications)

Condition B: Vce = PLLVce = DrVee = 2.7 to 3.6V
Vref = 2.7V to Vee
Vss = PLLVss = DrVss = OV
f=32.768 kHz, 6 to 16 MHz
Ta =-20 to +75 (Regular specifications)
Ta = -40 to +85 (Wide-range specifications)

Condition C: vee = PLLVce = Drvee = 3.0 to 3.6V
Vref = 3.0V to Vee
Vss = PLLVss = DrVss = 0V
f=32.768 kHz, 6 to 24 MHz
Ta =-20 to +75 (Regular specifications)
Ta = -40 to +85 (Wide-range specifications)

Condition D vcc = PLLVce = Drvec = 3.0 to 3.6V
Vref = 3.0V to Vee
Vss = PLLVss = DrVss = 0V
f=32.768 kHz, 16 to 24 MHz
Ta =-20 to +75 (Regular specifications)
Ta =-40 to +85 (Wide-range specifications)

(3) F-ZTAT versions (except for H8S/2218C, H8S/2212C)

Frequency f
System clock

24 MHz [---

16 MHz |-

1 Sub clock

32,768 kHz [----

6 MHz [----7----——
i

0724 27 30 36
Power ssupply voltage Ve, PLLVce, DIVee (V)

(4) F-ZTAT versions (H8S/2218C, H8S/2212C)

Frequency f
System clock

24 MHz

16 MHz

6 MHz
Sub clock

32.768 kHz

024 27 30 36

Power ssupply voltage Vcc, PLLVcc, DrVee (V)

(5) When using the on-chip USB

Condition A: None

Condition B: vce = PLLVce = DrVec = 2.7 o 3.6V
Vref = 2.7V to Vee
Vss = PLLVss = DrVss = 0V
f=32.768 kHz, 6 to 16 MHz
T 20 to +75 (Regular specifications)
Ta = -40 to +85 (Wide-range specifications)

Condition C: Ve = PLLVce = DrVee = 3.0 to 3.6V
Vref = 3.0V to Vee
Vss = PLLVss = DrVss = 0V
f=32.768 kHz, 6 to 24 MHz
Ta =-20 to +75 (Regular specifications)
40 to +85 (Wide-range specifications)

Condition D: Vce = PLLVce = Drvee = 3.0 to 3.6V
Vref = 3.0V to Vee
Vss = PLLVss = DrVss = OV
f=32.768 kHz, 6 to 24 MHz
Ta =-20 to +75 (Regular specifications)
Ta = -40 to +85 (Wide-range specifications)
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B. Product Model 689 to Table amended
Lineup 690 Product Class Part No. Model Name Marking Package (code)
H8S/2218  Flash HD64F2218  HD64F2218TF24 F2218TF24 100-pin TQFP
Group memory (TFP-100G, TFP-100GV)
Version HD64F2218BR24  64F2218BR24  112-pin P-LFBGA

(BP-112, BP-112V)

HD64F2218CU HD64F2218CUTF24 F2218CUTF24  100-pin TQFP
(TEP-100GV)
HD64F2218CUBR24  64F2218CUBR24 112-pin P-LFBGA
(BP-112V)
HD64F2217CU HD64F2217CUTF24 F2217CUTF24  100-pin TQFP
(TEP-100GV)
HD64F2217CUBR24  64F2217CUBR24 112-pin P-LFBGA
(BP-112V)
Masked ~ HD6432217  HD6432217(**)TF  2217(***TF  100-pin TQFP
ROM (TFP-100G, TFP-100GV)
H8S/2212  Flash HD64F2212  HDBAF2212FP24  2212FP24 64-pin LQFP
Group memory (FP-64E, FP-64EV)
Version HD64F2212NP24  F2212NP24 64-pin VQFN
(TNP-648, TNP-64BV)
HD64F2212U  HD64F2212UFP24  2212UFP24 64-pin LQFP
(FP-64E, FP-64EV)
HD64F2212UNP24  F2212UNP24  64-pin VQFN
(TNP-64B, TNP-64BV)
HD64F2212CU  HD64F2212CUFP24 2212CUFP24  64-pin LQFP
(FP-64EV)
HD64F2212CUNP24 F2212CUNP24  64-pin VQFN
(TNP-64BV)
HDB4F2211  HDGAF2211FP24  2211FP24 64-pin LQFP
H8S/2212  Flash HD64F2211U  HDBAF2211UFP24  2211UFP24 64-pin LQFP
Group memory (FP-64E, FP-64EV)
Version HDB4F2211UNP24  F2211UNP24  64-pin VQFN
(TNP-64B, TNP-64BV)
HDB4F2211CU HD64F2211CUFP24 2211CUFP24  64-pin LQFP
(FP-64EV)
HDB4F2211CUNP24 F2211CUNP24  64-pin VQFN
(TNP-64BV)
HDB4F2210CU HD64F2210CUFP24 2210CUFP24  64-pin LQFP
(FP-64EV)
HD64F2210CUNP24 F2210CUNP24  64-pin VQFN
(TNP-64BV)

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

Section 1 Overview

1.1 Overview

e High-speed H8S/2000 central processing unit with 16-bit architecture
— Upward-compatible with H8/300 and H8/300H CPUs on an object level
— Sixteen 16-bit general registers
— 65 basic instructions

e Various peripheral functions
— DMA controller (DMAC)

— 16-bit timer-pulse unit (TPU)

— Watchdog timer (WDT)

— Realtime clock (RTC)

— Serial communication interface (SCI)

— Boundary scan

— Universal serial bus (USB)

— 10-bit A/D converter

— High-performance user debugging interface (H-UDI)
— Clock pulse generator

e On-chip memory

H8S/2218 Group
ROM Part No. ROM RAM Remarks
Flash memory Version HD64F2218 128 kbytes 12 kbytes SCI boot mode
HD64F2218U 128 kbytes 12 kbytes USB boot mode
HD64F2218CU 128 kbytes 12 kbytes USB boot mode
HD64F2217CU 64 kbytes 12 kbytes USB boot mode
Masked ROM Version HD6432217 64 kbytes 8 kbytes —
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H8S/2212 Group

ROM Part No. ROM RAM Remarks

Flash memory Version HD64F2212 128 kbytes 12 kbytes SCI boot mode
HD64F2212U 128 kbytes 12 kbytes USB boot mode
HD64F2212CU 128 kbytes 12 kbytes USB boot mode
HD64F2211 64 kbytes 8 kbytes SCI boot mode
HD64F2211U 64 kbytes 8 kbytes USB boot mode
HD64F2211CU 64 kbytes 8 kbytes USB boot mode
HD64F2210CU 32 kbytes 8 kbytes USB boot mode

Masked ROM Version HD6432211 64 kbytes 8 kbytes —
HD6432210 32 kbytes 4 kbytes —
HD6432210S 32 kbytes 4 kbytes —

e General I/O ports
I/O pins: 69 for the H8S/2218 Group, 37 for the H8S/2212 Group

e Supports various power-down states

e Compact package

Package Code* Body Size Pin Pitch Remarks
TQFP-100 TFP-100G, TFP-100GV 120x12.0mm 0.4 mm H8S/2218 Group
P-LFBGA-112  BP-112, BP-112V 10.0x 10.0 mm 0.8 mm

LQFP-64 FP-64E, FP-64EV 10.0x 10.0 mm 0.5 mm H8S/2212 Group
VQFN-64 TNP-64B, TNP-64BV 8.0 x 8.0 mm 0.4 mm

Note: * AV appended to the end of the package code indicates a lead-free version.
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Section 1 Overview

1.2

Internal Block Diagram

The internal block diagram of the HD64F2218, HD64F2218U, HD64F2218CU and
HD64F2217CU is shown in figure 1.1. The internal block diagram of the HD6432217 is shown in
figure 1.2. The internal block diagram of the HD64F2212, HD64F2212U, HD64F2212CU,
HD64F2211, HD64F2211U, HD64F2211CU and HD64F2210CU is shown in figure 1.3. The
internal block diagram of the HD6432211, HD6432210 and HD6432210S is shown in figure 1.4.
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Note: * When EMLE = 0, boundary scan is available and the pins function as TDO, TCK, TMS, TRST, and TDI, respectively.
When EMLE = 1, H-UDI function is available and the pins function as TDO, TCK, TMS, TRST, and TDI, respectively.

Figure 1.1 Internal Block Diagram of HD64F2218, HD64F2218U, HD64F2218CU

and HD642217

CU
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Notes: NC (no connection): These pins should not be connected; they should be left open.
1. The FWE pin is provided only in the flash memory version. It should be fixed low.
2. Neither boundary scan nor H-UDI function is available and the pins function as NC.

Figure 1.2 Internal Block Diagram of HD6432217
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* When EMLE = 0, port function is available and the pins function as P77, P76, P75, NC, and PGO, respectively.
When EMLE = 1, H-UDI function is available and the pins function as TDO, TCK, TMS, TRST, and TDI, respectively.
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Figure 1.3 Internal Block Diagram of HD64F2212, HD64F2212U, HD64F2212CU,
HD64F2211, HD64F2211U, HD64F2211CU and HD64F2210CU
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Notes: NC (no connection): These pins should not be connected; they should be left open.
1. The FWE pin is provided only in the flash memory version. It should be fixed low.
2. The port function is available and the pins function as NC, P77, P76, P75, NC, and PGO, respectively.

Figure 1.4 Internal Block Diagram of HD6432211, HD6432210 and HD6432210S
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1.3

Pin Arrangements

The pin arrangements of the HD64F2218, HD64F2218U, HD64F2218CU and HD64F2217CU are
shown in figures 1.5 and 1.6. The pin arrangements of the HD6432217 are shown in figures 1.7
and 1.8. The pin arrangements of the HD64F2212, HD64F2212U, HD64F2212CU, HD64F2211,
HD64F2211U, HD64F2211CU and HD64F2210CU are shown in figures 1.9 and 1.11. The pin
arrangements of the HD6432211, HD6432210 and HD6432210S is shown in figures 1.10 and

1.12.
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Note: * When EMLE = 0, boundary scan is available and the pins function as TDO, TCK, TMS, TRST, and TDI, respectively.
When EMLE = 1, H-UDI function is available and the pins function as TDO, TCK, TMS, TRST, and TDI, respectively.

Figure 1.5 Pin Arrangements of HD64F2218, HD64F2218U, HD64F2218CU
and HD64F2217CU (TFP-100G, TFP-100GV)
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Section 1 Overview

A B C D E F G H J K L
11 NC |PD3/D1L| PDODS | PESIDS | PE2/iD2 |P70/CS4| XTAL | STBY | Osci |PB7/A15| NC
10 |PDs5/D13 | PD4/D12 | PD2/D10 | PE7/D7 | PE3/D3 | PEO/DO | EXTAL |P71/CS5| OSC2 |PB6/Al4 | PBS/AL3
9 FWE |PD7/D15| NC | PDLD9 | PE4D4 | vcc Vss ,\;’gé’s NC | PB4/A12 | UBPM
8 | ™o" | EMLE® | NmI | PDe/D14 | PE6ID6 | PELDL | RES NC | PLLVCC | PLLVSS | P4L/ANL
7 | ™®sT | ™ ™S TeK” P40/ANO | P42/AN2 | P43/AN3 | NC
BP-112
6 | PFo | vss vce | PF6/AS BP-112Vv Vref | PBL/A9 | PB3/ALL | PB2/A10
(Top view)
PFI/LWR/
— — PF1/ P97/ P96/
5 | PFSIRD |PF4/AWR All?qTQRfl aacK prvss | ,NfL | PBOMAS | 00
PFO/ P11/ P17/ USPND/
4 |PF2/WATT| BREQ/ |PA2/A18/ | TIOCBO/ [ TIOCB2/ | MD2 | 4o |PGAICSO| Drvee | usD+ | USD-
RQ2 | RxD2 A2l | TCLKD
P14/ P32/ P36
3 |PASIALINIPAUALTI| | 1io0cAl | PCO/AO | PC3/A3 | PCEIAG | SCKOI NC VBUS | (PUDP+)
sck2 | TxD2 peasia =
RQ0 RQ4
Tlgézc/()/ P15/ PGL/
2 NC | PAO/ALG TIOCBL/ | PC2/A2 | MD1 | PC5/A5 |P30/TxD0| ©S83/ |PG2/CS2 |PG3/CSi
TCLKA/ oS3
TCLKC RQ7
A22
P10/ Tlcp)?[éO/ P16/
1 NG | TIocAor TIOCA2/ | pc1/a1 | MDO | Pcaiad | PC7/A7 |P3URxDO|  NC NC
ToLKB/ | TOCA
A20 IRQ1
A23
A B C D E F G H J K L
INDEX

Notes: NC (no connection): These pins should not be connected; they should be left open.
* When EMLE = 0, boundary scan is available and the pins function as TDO, TCK, TMS,
TRST, and TDI, respectively.
When EMLE = 1, H-UDI function is available and the pins function as TDO, TCK, TMS,
TRST, and TDI, respectively.

Figure 1.6 Pin Arrangements of HD64F2218, HD64F2218U, HD64F2218CU
and HD64F2217CU (BP-112, BP-112V)
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Section 1 Overview
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FWE*! []80 46[] PLLVSS
NMI 81 457 P40/ANO
NC*2 []g2 447 P41/AN1L
NC*2 |83 43[] P42/AN2
NC*2 ]84 42[7 P43/AN3
NC*2 ]85 417 Vref
NC*2 |86 401 PB3/A11
NC*2 |87 TFP-100G 39[] PB2/A10
VCC []ss8 TFP-100GV 38[] PB1/A9
PF7/o []89 (Top View) 37|10 PBO/A8
VSS []90 36[] P96/AN14
PF6/AS []91 35[] P97/AN15
PF5/RD 92 34 Drvss
PF4/HWR 93 33[J UsD-
PF3/LWR/ADTRG/IRQ3 94 32[J usD+
PF2/WAIT []95 311 brvcc
PF1/BACK []96 30 P36(PUPD+)
PFO/BREQ/IRQ2 97 291 VBUS
PA3/A19/SCK2 []o8 28 PG4/CS0
PA2/A18/RxD2 []99 27[d PG3/CS1
PA1/AL7/TXD2 []100 261 PG2/CS2
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Notes:

NC (no connection): These pins should not be connected; they should be left open.

1. The FWE pin is provided only in the flash memory version. It should be fixed low.
2. Neither boundary scan nor H-UDI function is available and the pins function as NC.

Figure 1.7 Pin Arrangements of HD6432217 (TFP-100G, TFP-100GV)
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Section 1 Overview

A B C D E F G H J K L

11 NC PD3/D11 | PDO/D8 | PE5/D5 | PE2/D2 | P70/CS4 | XTAL STBY OSC1 | PB7/A15 NC

10 PD5/D13 | PD4/D12 | PD2/D10 | PE7/D7 | PE3/D3 | PEO/DO | EXTAL |P71/CS5| OSC2 |PB6/Al14 | PB5/A13

9 | Fwe™ |powpis| Nc | PDuD9 | PE4Da | vee vss N:é’s NC | PB4/AL2 | UBPM
8 NC'? NC'? NMI | PD6/D14 | PE6/D6 | PEL/D1 | RES NC | PLLVCC | PLLVSS | P41/AN1
7 NC™? NC™? NC™? NC™? PA0/ANO | PA2/AN2 | PA3/AN3 | NC
BP-112
6 PF7l6 | VSS vce | PFe/AS BP-112V Vref | PB1/A9 | PB3/ALL | PB2/A10
(Top view)
PF3/LWR/
i — PF1/ P97/ P96/
5 | PFS/RD |PF4/HWR AllaRTgs)G/ BAcK prvss | ,ofb | PBOMAS | 00
PFoO/ P11/ P17/ USPND!/
4 |PF2WAT| BREQ/ |PA2/AL8/| TIOCBO/ | TIOCB2/ | MD2 | Iy |PG4/CSG| Drvee | usp+ | USD-
RQ2 | RxD2 A2l | TCLKD
P14/ P32/ P36
3 |PASIALO/IPALALTIL o | TiocAL/ | PCOIAO | PC3IA3 | PCEIAG | SCKOI NC VBUS | (PUDP+)
Sck2 | Txp2 prosiac =
TRQO IRQ4
T|gé2c/0/ P15/ PG/
2 NC | PAO/ALG TIOCBL/ | PC2/A2 | MD1 | PCS/AS |P30/TxDO| ©S3/ |PG2/CS2 |PG3/CST
TCLKA/ S8/
TCLKC IRQ7
A22
P10/ Tlggo/ P16/
1 NC | TIocAor TIOCA2/ | pc1/a1 | MDO | Pcaia4 | PC7/A7 |P3LRxDO|  NC NC
TCLKB/ | T1OCA
A20 RQi
A23
A B C D E F G H J K L

INDEX

Notes: NC (no connection): These pins should not be connected; they should be left open.
1. The FWE pin is provided only in the flash memory version. It should be fixed low.
2. Neither boundary scan nor H-UDI function is available and the pins function as NC.

Figure 1.8 Pin Arrangements of HD6432217 (BP-112, BP-112V)
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Section 1 Overview
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48 47 46 45 44 43 42 41 4039 38 37 36 35 34 33
FWE [] 49 32 [JPLLVCC
NMI ] 50 31 [JUBPM
EMLE* [] 51 30 [JPLLVSS
TDO/P77* [] 52 29 [T1P40/ANO
TCK/P76% [] 53 28 [(]P41/AN1
TMS/P75* [] 54 27 [(JP42/AN2
TRST/NC* [] 55 26 [T1P43/AN3
FP-64E
TDIIPGO* [ 56 25 [ vref
FP-64EV o
vce [ s7 (Top View) [ 1P96/AN14
PF7/6 [] 58 23 []P97/AN15
vss [] 59 22 []Drvss
PF3/ADTRG/IRQ3 [ 60 21[JusD-
PFO/RQ2 [] 61 20 [JusD+
PA3/SCK2 [] 62 19 [IDrvee
PA2/RXD2 [] 63 18 [ 1P36 (PUPD+)
PAL/TXD2 [] 64 17 [F1vBUS
( 1 2 34 56 7 8 9 1011 12 13 14 15 16
28c2BeE 888388k
O 0 2 Jlr Jx J 5 5 = X X @ |
0000k Ok O Etg::
EeEEEZEFE £82¢3
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Notes:

NC (no connection): This pin should not be connected; it should be left open.

* When EMLE =0, port function is available and the pins function as P77, P76, P75, NC,
and PGO, respectively.
When EMLE = 1, H-UDI function is available and the pins function as TDO, TCK, TMS, TRST,

and TDI, respectively.

Figure 1.9 Pin Arrangements of HD64F2212, HD64F2212U, HD64F2212CU, HD64F2211,
HD64F2211U, HD64F2211CU and HD64F2210CU (FP-64E, FP-64EYV)
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Section 1 Overview
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FWE*1 [] 49 32 [JPLLVCC
NMI ] 50 31| JUBPM
NC*2 [] 51 30 [JPLLVSS
p77*2 [] 52 29 [1P40/ANO
p76*2 [] 53 28 [ 1P41/AN1
p75%2 [| 54 27 [1P42/AN2
NC*2 [] 55 FP-64E 26 []1P43/AN3
PG0*2 [] 56 FP-64EV 25 [ Vref
vce [ 57 (Top View) 24 [T1P96/AN14
PF7/¢ [] 58 23 []P97/AN15
vss [] 59 22 [1Drvss
PF3/ADTRG/IRQ3 [] 60 21 |JusD-
PFO/IRQ2 [] 61 20 [JusD+
PA3/SCK2 [] 62 19 [DrvcC
PA2/RXD2 [] 63 18 [1P36 (PUPD+)
PAL/TXD2 [] 64 17 [JVvBUS
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
2822 eBeBELEEEER
O 0 J J|r Jjc 4 =5 3 = X X | |
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EESS5X585 58380
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Notes: NC (no connection): These pins should not be connected; they should be left open.
1. The FWE pin is provided only in the flash memory version. It should be fixed low.
2. The port function is available and the pins function as NC, P77, P76, P75, NC, and PGO, respectively.

Figure 1.10 Pin Arrangements of HD6432211, HD6432210 and HD6432210S
(FP-64E, FP-64EV)
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Section 1 Overview

FWE
NMI

EMLE*

TDO/PT77*
TCK/P76*
TMS/P75*
TRST/NC*
TDI/PGO*

vCcC

PF7/¢

VSS
PF3/ADTRG/IRQ3
PFO/IRQ2
PA3/SCK2
PA2/RXD2
PAL1/TXD2

Notes:

PE7
PE6
PE5
PE4

PE3
PE2
PE1
PEO
VCC
EXTAL
XTAL
VSS

RES

STBY
0sC1

osc2

48 47 46 45 44 43 42 41 4039 38 37 36 35 34 33

NC (no connection): This pin should not be connected; it should be left open.

49 32
50 31
51 30
52 29
53 28
54 27
55 26
. TNP-64B 95
TNP-64BV "
57 (Top View)
58 23
59 22
60 21
61 20
62 19
63 18
64 17
( 1 2 34 56 7 8 9 10 11 12 13 14 15 16
\ § O N N N N N N NN N NN SN SN SN S S S S N S N S N S N S N S N S
coppsEse EsSca
l:l:\\<\<\ ™ N
S 338380430 Q SR SE
A a 009090 o %)
© Ok OkKE O ] &
EE I E S K > o
880 8alh
o o o o

* When EMLE = 0, the port function is enabled (P77, P76, P75, NC, and PGO0).
When EMLE = 1, the H-UDI function is enabled (TDO, TCK, TMS, TRST, and TDI).

PLLVCC
UBPM
PLLVSS
P40/ANO
P41/AN1
P42/AN2
P43/AN3
Vref
P96/AN14
P97/AN15
Drvss
USD-
USD+
DrvCC
P36 (PUPD+)
VBUS

Figure 1.11 Pin Arrangements of HD64F2212, HD64F2212U, HD64F2212CU, HD64F2211,
HD64F2211U, HD64F2211CU and HD64F2210CU (TNP-64B, TNP-64BV)
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NMI[] | 50 31
Nc2 [] | 51 30
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p76*2[] | 53 28
p75*2 [ | 54 27
Nc2 [] | 55 26
pco [l | s6 TNP-64B 25
] TNP-64BV o4
VCC . 57 (Top View)
PF7/o [] | 58 23
vss[] | 59 22
PF3/ADTRG/IRQ3 [{ | 60 21
PFONRQ2 [] | 61 20
PA3/sck2 [] | 62 19
PA2/RXD2 [] | 63 18
PALTXD2 [] | 64 17
1 2 34 56 7 8 9 1011 12 13 14 15 16
83989528828 388[k
O O ool 3 [oe a ===z
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PLLVCC
UBPM
PLLVSS
P40/ANO
P41/AN1
P42/AN2
P43/AN3
Vref
P96/AN14
P97/AN15
DrvSss
USD-
USD+
DrvCC
P36 (PUPD+)
VBUS

Notes:  NC (no connection): These pins should not be connected; they should be left open.
1. The FWE pin is provided only in the flash memory version. It should be fixed low.
2. The port function is enabled (P77, P76, P75, NC, and PGO0).

Figure 1.12 Pin Arrangements of HD6432211, HD6432210 and HD6432210S

(TNP-64B, TNP-64BV)
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Section 1 Overview

1.4  Pin Functions in Each Operating Mode

Table 1.1 shows the pin functions in each operating mode for the H8S/2218 Group, and table 1.2
shows that for the H8S/2212 Group.

Table 1.1  Pin Functions in Each Operating Mode for H8S/2218 Group

Pin No. Pin Name*

TFP-100G, BP-112, Programmer
TFP-100GV BP-112V Modes 4, 5 Mode 6 Mode 7 Mode
1 B2 PAO/A16 PAO/A16 PAO NC
2 B1 P10/TIOCAQ/A20 P10/TIOCAQ/A20 P10/TIOCAOQ A2
3 D4 P11/TIOCBO/A21 P11/TIOCBO/A21 P11/TIOCBO A3
4 c2 P12/TIOCCO/TCLKA/A22 ~ P12/TIOCCO/TCLKA/A22 P12/TIOCCO/TCLKA A4
5 C1 P13/TIOCDO/TCLKB/A23  P13/TIOCDO/TCLKB/A23 P13/TIOCDO/TCLKB A5
6 D3 P14/TIOCA1/RQ0 P14/TIOCA1/RQ0 P14/TIOCA1IRQ0  VSS
7 D2 P15/TIOCB1/TCLKC P15/TIOCB1/TCLKC P15/TIOCB1/TCLKC WE
8 D1 P16/TIOCA2/IRQT P16/TIOCA2/IRQT P16/TIOCA2/IRQT  VSS
9 E4 P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD P17/TIOCB2/TCLKD CE
10 E3 A0 PCO/AQ PCO NC
11 E1 A1 PC1/A1 PC1 NC
12 E2 A2 PC2/A2 PC2 NC
13 F3 A3 PC3/A3 PC3 NC
14 F1 MDO MDO MDO VSS
15 F2 MD1 MD1 MD1 VSS
16 F4 MD2 MD2 MD2 VSsS
17 G1 A4 PC4/A4 PC4 NC
18 G2 A5 PC5/A5 PC5 NC
19 G3 A6 PC6/A6 PC6 NC
20 H1 A7 PC7IA7 PC7 NC
21 G4 USPND/TMOW USPND/TMOW USPND/TMOW NC
22 H2 P30/TxDO P30/TxD0 P30/TxDO A10
23 J1 P31/RxD0 P31/RxD0 P31/RxD0 A1
24 H3 P32/SCKO/IRQ4 P32/SCKO/IRQ4 P32/SCKO/IRQ4 A12
25 J2 PG1/CS3/IRQ7 PG1/CS3/IRQ7 PG1/IRQ7 A15
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Section 1 Overview

Pin No. Pin Name*

TFP-100G, BP-112, Programmer
TFP-100GV BP-112V Modes 4, 5 Mode 6 Mode 7 Mode
26 K2 PG2/CS2 PG2/CS2 PG2 NC
27 L2 PG3/CST PG3/CST PG3 NC
28 H4 PG4/CS0 PG4/CS0 PG4 NC
29 K3 VBUS VBUS VBUS VSS
30 L3 P36 (PUDP+) P36 (PUDP+) P36 (PUDP+) A16
31 J4 DrvCC DrvCC DrvCC VCC
32 K4 USD+ USD+ USD+ NC
33 L4 USD- USD- usDb- NC
34 H5 DrvSS DrvSS DrvVSS VSS
35 J5 P97/AN15 P97/AN15 P97/AN15 A7
36 L5 P96/AN14 P96/AN14 P96/AN14 A6
37 K5 PBO0/A8 PBO0/A8 PBO NC
38 J6 PB1/A9 PB1/A9 PB1 NC
39 L6 PB2/A10 PB2/A10 PB2 NC
40 K6 PB3/A11 PB3/A11 PB3 NC
41 H6 Vref Vref Vref VCC
42 K7 P43/AN3 P43/AN3 P43/AN3 A14
43 J7 P42/AN2 P42/AN2 P42/AN2 A13
44 L8 P41/AN1 P41/AN1 P41/AN1 A9
45 H7 P40/ANO P40/ANO P40/ANO A8
46 K8 PLLVSS PLLVSS PLLVSS VSS
47 L9 UBPM UBPM UBPM A17
48 J8 PLLVCC PLLVCC PLLVCC VCC
49 K9 PB4/A12 PB4/A12 PB4 NC
50 L10 PB5/A13 PB5/A13 PB5 NC
51 K10 PB6/A14 PB6/A14 PB6 NC
52 K11 PB7/A15 PB7/A15 PB7 NC
53 J10 0sc2 0SC2 0SscC2 NC
54 J11 0OSC1 0OSC1 0SscC1 VCC
55 H9 P74/MRES P74/MRES P74/MRES NC
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Pin No. Pin Name*

TFP-100G, BP-112, Programmer
TFP-100GV BP-112V Modes 4, 5 Mode 6 Mode 7 Mode
56 H10 P71/CS5 P71/CS5 P71 NC
57 H11 STBY STBY STBY VCC
58 G8 RES RES RES RES
59 G9 VSS VSS VSS VSS
60 G11 XTAL XTAL XTAL XTAL
61 G10 EXTAL EXTAL EXTAL EXTAL
62 F9 VCC VCC VCC VCC
63 F11 P70/CS4 P70/CS4 P70 NC
64 F10 PEO/DO PEO/DO PEO DO
65 F8 PE1/D1 PE1/D1 PE1 D1
66 E11 PE2/D2 PE2/D2 PE2 D2
67 E10 PE3/D3 PE3/D3 PE3 D3
68 E9 PE4/D4 PE4/D4 PE4 D4
69 D11 PE5/D5 PE5/D5 PE5 D5
70 E8 PE6/D6 PE6/D6 PE6 D6

71 D10 PE7/D7 PE7/D7 PE7 D7
72 Cc11 D8 D8 PDO NC
73 D9 D9 D9 PD1 NC
74 Cc10 D10 D10 PD2 NC
75 B11 D11 D11 PD3 NC
76 B10 D12 D12 PD4 NC
7 A10 D13 D13 PD5 NC
78 D8 D14 D14 PD6 NC
79 B9 D15 D15 PD7 NC
80 A9 FWE FWE FWE FWE
81 C8 NMI NMI NMI VCC
82 B8 EMLE/NC EMLE/NC EMLE/NC VSS
83 A8 TDO/NC TDO/NC TDO/NC NC
84 D7 TCK/NC TCK/NC TCKI/NC VCC
85 c7 TMS/NC TMS/NC TMS/NC VCC
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Pin No. Pin Name*

TFP-100G, BP-112, Programmer
TFP-100GV BP-112V  Modes 4, 5 Mode 6 Mode 7 Mode
86 A7 TRST/NC TRST/NC TRST/NC RES
87 B7 TDI/NC TDI/NC TDI/NC VSS
88 C6 vCC vCC vCC vCC
89 A6 PF7/¢ PF7/¢ PF7/¢ NC

90 B6 VSS VSS VSS VSS
91 D6 AS AS PF6 NC

92 A5 RD RD PF5 NC

93 B5 HWR HWR PF4 NC

94 C5 PF3/LWR/ADTRG/IRQ3 PF3/LWR/ADTRG/IRQ3 PF3/ADTRG/IRQ3 VCC
95 A4 PF2/WAIT PF2/WAIT PF2 NC

96 D5 PF1/BACK PF1/BACK PF1 NC

97 B4 PFO/BREQ/IRQ2 PFO/BREQ/IRQ2 PFO/IRQ2 vCcC
98 A3 PA3/A19/SCK2 PA3/A19/SCK2 PA3/SCK2 A1

99 C4 PA2/A18/RxD2 PA2/A18/RxD2 PA2/RxD2 A0
100 B3 PA1/A17/TxD2 PA1/A17/TxD2 PA1/TxD2 OE

Note: * The NC should be left open.

Table 1.2 Pin Functions in Each Operating Mode for H8S/2212 Group
Pin No. Pin Name*

FP-64E,

FP-64EV,

TNP-64B,

TNP-64BV Mode 7 Programmer Mode
1 P10/TIOCAOQ A2

2 P11/TIOCBO A3

3 P12/TIOCCO/TCLKA A4

4 P13/TIOCDO/TCLKB A5

5 P14/TIOCA1/IRQ0 VSS

6 P15/TIOCB1/TCLKC WE

7 P16/TIOCA2/IRQT VSS

8 P17/TIOCB2/TCLKD CE

9 MDO VSS
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Pin No. Pin Name*
FP-64E,

FP-64EV,

TNP-64B,

TNP-64BV Mode 7 Programmer Mode
10 MD1 VSS
11 MD2 VSS
12 USPND/TMOW NC
13 P30/TxDO0 A10
14 P31/RxDO0 A11
15 P32/SCKO/IRQ4 A12
16 PG1/1RQ7 A15
17 VBUS VSS
18 P36(PD+) A16
19 DrvCC VCC
20 USD+ NC
21 usb- NC
22 DrvSS VSS
23 P97/AN15 A7
24 P96/AN14 A6
25 Vref VCC
26 P43/AN3 A14
27 P42/AN2 A13
28 P41/AN1 A9
29 P40/ANO A8
30 PLLVSS VSS
31 UBPM A17
32 PLLVCC VCC
33 0Ssc2 NC
34 0OSC1 VCC
35 STBY vCcC
36 RES RES
37 VSS VSS
38 XTAL XTAL
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Pin No. Pin Name*
FP-64E,

FP-64EV,

TNP-64B,

TNP-64BV Mode 7 Programmer Mode
39 EXTAL EXTAL
40 VCC vVCcC
41 PEO DO
42 PE1 D1
43 PE2 D2
44 PE3 D3
45 PE4 D4
46 PE5 D5
47 PE6 D6
48 PE7 D7
49 FWE FWE
50 NMI vVCcC
51 EMLE/NC VSS
52 TDO/P77 NC
53 TCK/P76 VCC
54 TMS/P75 vVCcC
55 TRST/NC RES
56 TDI/PGO VSS
57 VCC vVCcC
58 PF7/¢ NC
59 VSS VSS
60 PF3/ADTRG/IRQ3 vce
61 PFO/IRQ2 VCC
62 PA3/SCK2 A1
63 PA2/RxD2 A0
64 PA1/TxD2 OE

Note: * The NC should be left open.

Rev.7.00 Dec. 24, 2008 Page 20 of 698
REJ09B0074-0700
RENESAS



Section 1 Overview

1.5 Pin Functions
Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type Symbol TFP-100GV BP-112V  TNP-64BV 1/0 Function
Power VCC 62 F9 40 Input Power supply pins. Connect all
supply 88 C6 57 these pins to the system power
supply.
VSS 59 G9 37 Input Ground pins. Connect all these pins
90 B6 59 to the system power supply (0 V).

PLLVCC 48 J8 32 Input Power supply pin for an on-chip
PLL oscillator. Connect this pin to
the system power supply.

PLLVSS 46 K8 30 Input Ground pin for an on-chip PLL
oscillator

Clock XTAL 60 G11 38 Input For connection to a crystal
resonator. For examples of crystal
resonator connection and external
clock input, see section 19, Clock
Pulse Generator.

EXTAL 61 G10 39 Input For connection to a crystal
resonator. An external clock can be
supplied from the EXTAL pin. For
examples of crystal resonator
connection and external clock input,
see section 19, Clock Pulse
Generator.

0OSC1 54 J11 34 Input For connection to a 32.768-kHz

0SsC2 53 J10 33 crystal resonator. For examples of
crystal resonator connection, see
section 19, Clock Pulse Generator.

[0} 89 A6 58 Output  Supplies the system clock to
external devices.

Operating MD2 16 F4 11 Input Set the operating mode. Inputs at

mode MD1 15 F2 10 these pins cannot be modified
control MDO 14 1 9 during operation.

Sets the operating mode. Inputs at
these pins should not be changed

during operation. Except for mode
changing, be sure to fix the levels

of the mode pins (MD2 to MDO) by
pulling them down or pulling them

up until the power turns off.
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Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,

Type Symbol TFP-100GV BP-112V  TNP-64BV 1/0 Function

System RES* 58 G8 36 Input Reset pin. When this pin is driven

control low, the chip is reset.

STBY* 57 H11 35 Input When this pin is driven low, a
transition is made to hardware
standby mode.

MRES 55 H9 — Input When this pin is driven low, a
transition is made to manual reset
mode. (Supported only by the
H8S/2218 Group)

BREQ 97 B4 — Input Used by an external bus master to
issue a bus request to this LSI
(Supported only by the H8S/2218
Group)

BACK 96 D5 — Output Indicates that the bus has been
released to an external bus master.
(Supported only by the H8S/2218
Group)

FWE 80 A9 49 Input Pin for use by flash memory. This
pin is only used in the flash memory
version. In the masked ROM
version, it should be connected to
the system power supply (0 V).

EMLE 82 B8 51 Input Emulator enable
When E10A is not used, connect
this pin to the system power supply
(0 V). When E10A is used, this pin
should be fixed high.

Interrupts NMI* 81 C8 50 Input Nonmaskable interrupt pin. If this
pin is not used, it should be fixed
high.

IRQ7 25 J2 16 Input These pins request a maskable

R4 24 H3 15 interrupt.

IRQ3 94 C5 60

IRQ2 97 B4 61

IRQ1 D1

IRQO D3
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Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type Symbol TFP-100GV BP-112V  TNP-64BV 1/0 Function
Address bus A23 5 C1 — Output  These pins output an address.

A22 4 c2 _ (Supported only by the H8S/2218
A21 3 D4 — Group)
A20 2 B1 —

A19 98 A3 —

A18 99 C4 —

A17 100 B3 —

A16 1 B2 —

A15 52 K11 —

A14 51 K10 —

A13 50 L10 —

A12 49 K9 —

A11 40 K6 —

A10 39 L6 —

A9 38 J6 —

A8 37 K5 —

A7 20 H1 —

A6 19 G3 —

A5 18 G2 —

Ad 17 G1 —

A3 13 F3 —

A2 12 E2 —

A1 11 E1 —

A0 10 E3 —
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Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type Symbol TFP-100GV BP-112V  TNP-64BV 1/0 Function
Data bus D15 79 B9 — 110 These pins constitute a bi-

D14 78 D8 _ directional data bus. (Supported

| he H8S/221

D13 77 A10 o only by the H8S/2218 Group)

D12 76 B10 —

D11 75 B11 —

D10 74 C10 —

D9 73 D9 —

D8 72 Cc11 —

D7 71 D10 —

D6 70 E8 —

D5 69 D11 —

D4 68 E9 —

D3 67 E10 —

D2 66 E11 —

D1 65 F8 —

DO 64 F10 —

Bus control  CS5 56 H10 — Output  Signals for selecting areas 5 to 0 in
csa 63 F11 o the external address space.

_ S rted only by the H8S/2218

cs3 25 2 — (Supported only by the

- Group)

CSs2 26 K2 —

CS1 27 L2 —

CSo 28 H4 —

AS 91 D6 — Output  When this pin is low, it indicates
that address output on the address
bus is enabled. (Supported only by
the H8S/2218 Group)

RD 92 A5 — Output  When this pin is low, it indicates

that the external address space can
be read. (Supported only by the
H8S/2218 Group)
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Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type Symbol TFP-100GV BP-112V  TNP-64BV 1/0 Function
Bus control HWR 93 B5 — Output A strobe signal that writes to
external address space and
indicates that the upper half (D15 to
D8) of the data bus is enabled.
(Supported only by the H8S/2218
Group)

LWR 94 C5 — Output A strobe signal that writes to
external address space and
indicates that the lower half (D7 to
DO) of the data bus is enabled.
(Supported only by the H8S/2218
Group)

WAIT 95 A4 — Input Requests insertion of a wait state in
the bus cycle when accessing
external 3-state address space.
(Supported only by the H8S/2218
Group)

16-bit timer TCLKA 4 Cc2 3 Input TPU external clock input pins
pulseunit  tcLkB 5 c1 4

TPU

( ) TCLKC 7 D2 6

TCLKD 9 E4 8

TIOCAO 2 B1 1 110 The TGRA_0 to TGRD_0 input

TIOCBO 3 D4 2 capture input/output compare
output/PWM output pins

TIOCCO 4 c2 3 P pute

TIOCDO 5 C1 4

TIOCA1 6 D3 5 110 The TGRA_1 and TGRB_1 input

TIOCB1 7 D2 6 capture input/output compare
output/PWM output pins

TIOCA2 D1 110 The TGRA_2 and TGRB_2 input

TIOCB2 E4 capture input/output compare
output/PWM output pins

Realtime TMOW 21 G4 12 Output  The divided clock output pin
clock (RTC)
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Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type Symbol TFP-100GV BP-112V  TNP-64BV 1/O Function
Serial TxD2 100 B3 64 Output  Data output pins
communication T4po 22 H2 13
interface (SCI)
RxD2 99 C4 63 Input Data input pins
RxDO 23 J1 14
SCK2 98 A3 62 I/0 Clock input/output pins
SCKO 24 H3 15
A/D converter AN15 35 J5 23 Input Analog input pins for the A/D
AN14 36 L5 24 converter
AN3 42 K7 26
AN2 43 J7 27
AN1 44 L8 28
ANO 45 H7 29
ADTRG 94 C5 60 Input Pin for input of an external trigger
to start A/D conversion
Vref 41 H6 25 Input The reference voltage input pin for
the A/D converter. When the A/D
converter is not used, this pin
should be connected to the system
power supply (VCC).
Boundary TMS 85 Cc7 54 Input Control signal input pin for the
scan boundary scan
(Supported only TCK 84 D7 53 Input Clock input pin for the boundary
by the
scan
HD64F2218,
HD64F2218U, TDO 83 A8 52 Output  Data output pin for the boundary
HD64F2218CU scan
and TDI 87 B7 56 Input Data input pin for the boundary
HD64F2217CU) scan
TRST 86 A7 55 Input Reset pin for the TAP controller
USB DrvCC 31 J4 19 Input Power supply pin for the on-chip
transceiver. Connect this pin to the
system power supply.
DrvSS 34 H5 22 Input Ground pin for the on-chip

transceiver.
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Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type Symbol TFP-100GV BP-112V  TNP-64BV 1/0 Function
usB USD+* 32 K4 20 110 USB data I/O pin
USD-* 33 L4 21
VBUS* 29 K3 17 Input Connection/disconnection detecting
input pin for the USB cable
USPND 21 G4 12 Output  USB suspend output
This pin is driven high when a
transition is made to suspend state.
UBPM 47 L9 31 Input Bus power/self power mode setting
Input
When the USB is used in bus
power mode, this input pin must be
fixed low.
When the USB is used in self
power mode, this input pin must be
fixed high.
P36 30 L3 18 1/0 Use as D+ signal pull-up control
(PUPD+) pin.
I/0 port P17 9 E4 8 110 8-bit 1/0 pins
P16 8 D1 7
P15 7 D2 6
P14 6 D3 5
P13 5 C1 4
P12 4 C2 3
P11 3 D4 2
P10 2 B1 1
P36 30 L3 18 110 4-bit I/O pins
P32 24 H3 15 (Use P36 as D+ signal pull-up
P31 23 J1 14 control pin of USB.)
P30 22 H2 13
P43 42 K7 26 Input 4-bit input pins
P42 43 J7 27
P41 44 L8 28
P40 45 H7 29
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Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type Symbol TFP-100GV BP-112V  TNP-64BV 1/0 Function
I/O port P77 — — 52 1/0 3-bit 1/0 pins
P76 — — 53
P75 — — 54
P74 55 H9 —
P71 56 H10 —
P70 63 F11 —
P97 35 J5 23 Input 2-bit input pins
P96 36 L5 24
PA3 98 A3 62 1/0 4-bit I/O pins for the H8S/2218
PA2 99 c4 63 Group. 3-bit I/O pins for the
PA1 100 B3 64 H8S/2212 Group.
PAO 1 B2 —
PB7 52 K11 — 110 8-bit I/O pins (Supported only by
PB6 51 K10 _ the H8S/2218 Group)
PB5 50 L10 —
PB4 49 K9 —
PB3 40 K6 —
PB2 39 L6 —
PB1 38 J6 —
PBO 37 K5 —
PC7 20 H1 — 110 8-bit I/O pins (Supported only by
PC6 19 G3 _ the H8S/2218 Group)
PC5 18 G2 —
PC4 17 G1 —
PC3 13 F3 —
PC2 12 E2 —
PC1 11 E1 —
PCO 10 E3 —
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Pin No.
FP-64E,
FP-64EV,
TFP-100G, BP-112, TNP-64B,
Type Symbol TFP-100GV BP-112V  TNP-64BV 1/0 Function
I/O port PD7 79 B9 — 1/0 8-bit I/O pins (Supported only by
PD6 78 D8 _ the H8S/2218 Group)
PD5 77 A10 —
PD4 76 B10 —
PD3 75 B11 —
PD2 74 C10 —
PD1 73 D9 —
PDO 72 Cc11 —
PE7 71 D10 48 110 8-bit 1/0 pins
PE6 70 E8 47
PES5 69 D11 46
PE4 68 E9 45
PE3 67 E10 44
PE2 66 E11 43
PE1 65 F8 42
PEO 64 F10 41
PF7 89 A6 58 110 8-bit I/O pins for the H8S/2218
PE6 91 D6 _ Group. 3-bit I/O pins for the
H8S/2212 Group.
PF5 92 A5 —
PF4 93 B5 —
PF3 94 C5 60
PF2 95 A4 —
PF1 96 D5 —
PFO 97 B4 61
PG4 28 H4 — 110 4-bit I/O pins for the H8S/2218
PG3 27 L2 o Group. 2-bit I/0 pins for the
H8S/2212 Group.
PG2 26 K2 —
PG1 25 J2 16
PGO — — 56

Note: * Anti-noise measures should be taken to prevent malfunction.
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Section 2 CPU

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward compatible with the H8/300 and H8/300H CPUs. The H8S/2000 CPU has sixteen 16-bit
general registers, can address a 16-Mbyte linear address space, and is ideal for realtime control.

This section describes the H8S/2000 CPU. The usable modes and address spaces differ depending
on the product. For details on each product, refer to section 3, MCU Operating Modes.

2.1 Features

o Upward-compatible with H8/300 and H8/300H CPUs
— Can execute H8/300 and H8/300H CPU object programs
e General-register architecture
— Sixteen 16-bit general registers also usable as sixteen 8-bit registers or eight 32-bit registers
o Sixty-five basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Powerful bit-manipulation instructions
e FEight addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
— Register indirect with post-increment or pre-decrement [@ERn+ or @—ERn]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]
— Memory indirect [@@aa:8]
e 16-Mbyte address space
— Program: 16 Mbytes
— Data: 16 Mbytes
e High-speed operation
— All frequently-used instructions execute in one or two states
— 8/16/32-bit register-register add/subtract: 1 state
— 8 x 8-bit register-register multiply: 12 states
— 16 + 8-bit register-register divide: 12 states
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— 16 x 16-bit register-register multiply: 20 states
— 32 + 16-bit register-register divide: 20 states
e Two CPU operating modes
— Normal mode*
— Advanced mode
Note: * Normal mode is not available in this LSI.
e Power-down state
— Transition to power-down state by SLEEP instruction
— CPU clock speed selection

2.1.1 Differences between H8S/2600 CPU and H8S/2000 CPU
The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

e Register configuration
The MAC register is supported only by the H8S/2600 CPU.

e Basic instructions
The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the
H8S/2600 CPU.

e The number of execution states of the MULXU and MULXS instructions

Execution States

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

In addition, there are differences in address space, CCR and EXR register functions, power-down
modes, etc., depending on the model.
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2.1.2 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

More general registers and control registers

— Eight 16-bit extended registers, and one 8-bit and two 32-bit control registers, have been
added.

Extended address space

— Normal mode supports the same 64-kbyte address space as the H8/300 CPU.

— Advanced mode supports a maximum 16-Mbyte address space.

Enhanced addressing

— The addressing modes have been enhanced to make effective use of the 16-Mbyte address
space.

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.

— Signed multiply and divide instructions have been added.

— Two-bit shift instructions have been added.

— Instructions for saving and restoring multiple registers have been added.

— A test and set instruction has been added.

Higher speed

— Basic instructions execute twice as fast.

2.1.3 Differences from H8/300H CPU

In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

Additional control register

— One 8-bit control registers have been added.

Enhanced instructions

— Addressing modes of bit-manipulation instructions have been enhanced.
— Two-bit shift instructions have been added.

— Instructions for saving and restoring multiple registers have been added.
— A test and set instruction has been added.

Higher speed

— Basic instructions execute twice as fast.
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2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total address
space. The mode is selected by the mode pins.

2.2.1 Normal Mode

The exception vector table and stack have the same structure as in the H8/300 CPU.

Address Space
A maximum address space of 64 kbytes can be accessed.
Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When En is used as a 16-bit register it can contain any value, even
when the corresponding general register (Rn) is used as an address register. If the general
register is referenced in the register indirect addressing mode with pre-decrement (@-Rn) or
post-increment (@Rn+) and a carry or borrow occurs, however, the value in the corresponding
extended register (En) will be affected.

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.

Exception Vector Table and Memory Indirect Branch Addresses

In normal mode the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The exception vector table in normal mode is shown in
figure 2.1. For details of the exception vector table, see section 4, Exception Handling.

The memory indirect addressing mode (@@aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In normal mode the operand is a 16-bit (word) operand,
providing a 16-bit branch address. Branch addresses can be stored in the top area from H'0000
to H'O0OFF. Note that this area is also used for the exception vector table.

Stack Structure

When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC,
condition-code register (CCR), and extended control register (EXR) are pushed onto the stack
in exception handling, they are stored as shown in figure 2.2. EXR is not pushed onto the stack
in interrupt control mode 0. For details, see section 4, Exception Handling.

Note: Normal mode is not available in this LSI.
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H'0000
H'0001
H'0002
H'0003
H0004 |
H'0005
H'0006
H'0007
H'0008
H'0009
H'000A
H'000B

- Reset exception vector --

|- (Reserved for system use) --

== (Reserved for system use) --

- --1 7 Exception
vector table

F-- Exception vector 1 --

- - Exception vector 2 --

___—

Figure 2.1 Exception Vector Table (Normal Mode)

\/\\/\

sP—~| PC ] SP — EXR*!
(16 bits) Reserved+! *3
(SP*2 —) CCR
w CCR*®
p— PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1.  When EXR is not used, it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure 2.2 Stack Structure in Normal Mode
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2.2.2 Advanced Mode

e Address Space
Linear access is provided to a 16-Mbyte maximum address space.
o Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers or address registers.

e Instruction Set
All instructions and addressing modes can be used.
e Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode the top area starting at H'00000000 is allocated to the exception vector table
in units of 32 bits. In each 32 bits, the upper 8 bits are ignored and a branch address is stored in
the lower 24 bits (figure 2.3). For details of the exception vector table, see section 4, Exception
Handling.

H'00000000 Reserved A
) Reset exception vector o
H'00000003
H'00000004 | ~  Reserved |
(Reserved for system use)
H'00000007 | B
H'00000008
[~ 77| > Exception vector table
H'0000000B | N
- - (Reserved for system use) --
H'0000000C | .
H'00000010 | ~  Reserved |
) Exception vector 1 o

Figure 2.3 Exception Vector Table (Advanced Mode)
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The memory indirect addressing mode (@@aa:8) employed in the JMP and JSR instructions
uses an 8-bit absolute address included in the instruction code to specify a memory operand
that contains a branch address. In advanced mode the operand is a 32-bit longword operand,
providing a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area that is
regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF.
Note that the first part of this range is also the exception vector table.

Stack Structure

In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC, condition-code register (CCR), and extended control register (EXR) are
pushed onto the stack in exception handling, they are stored as shown in figure 2.4. When EXR
is invalid, it is not pushed onto the stack. For details, see section 4, Exception Handling.

\/\\/\

SPp — EXR*1
sP—~1 Reserved | Reserved*! *3
. (SP*2 —) CCR
(24 bits) - R PC -
(24 bits) I
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used, it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored when returning.

Figure 2.4 Stack Structure in Advanced Mode
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23 Address Space

Figure 2.5 shows a memory map of the H8§S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode. The usable modes and address spaces
differ depending on the product. For details on each product, refer to section 3, MCU Operating

Modes.

H'0000

H'FFFF

64 kbytes

(a) Normal Mode*

H'00000000

H'00FFFFFF

H'FFFFFFFF

Note: * Not available in this LSI.

16 Mbytes

Not available
in this LSI.

> Program area

(b) Advanced Mode

r Data area

Figure 2.5 Memory Map
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24 Register Configuration

The H8S/2000 CPU has the internal registers shown in figure 2.6. There are two types of registers:
general registers and control registers. Control registers are a 24-bit program counter (PC), an 8-bit
extended control register (EXR), and an 8-bit condition code register (CCR).

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 E1l R1H RI1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers (CR)
23 0
I PC |
76543210
xR [7]-]-]-]-[i2]ia]io]
76543210
cer [ 1 JuH]u[n]z[v]c|
Legend:
SP: Stack pointer H: Half-carry flag
PC: Program counter U: User bit
EXR: Extended control register N: Negative flag
T: Trace bit Z: Zero flag
12 to 10: Interrupt mask bits V: Overflow flag
CCR:  Condition-code register C: Carry flag
I: Interrupt mask bit
ul: User bit or interrupt mask bit*

Note: * Cannot be used as an interrupt mask bit in this LSI.

Figure 2.6 CPU Registers
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24.1 General Registers

The H8S/2000 CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used as both address registers and data registers. When a general register is used
as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.7 illustrates the
usage of the general registers. When the general registers are used as 32-bit registers or address
registers, they are designated by the letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). These registers are functionally equivalent, providing a maximum sixteen 16-bit
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum sixteen 8-bit
registers.

The usage of each register can be selected independently.

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.8 shows the
stack.

» Address registers « 16-bit registers « 8-bit registers
* 32-bit registers

E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)

RL registers
(ROL to R7L)

Figure 2.7 Usage of General Registers
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Free area

SP (ER7) —»

Stack area

/\/

Figure 2.8 Stack
2.4.2 Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The length
of all CPU instructions is two bytes (one word), so the least significant PC bit is ignored. (When an
instruction is fetched, the least significant PC bit is regarded as 0.)

243 Extended Control Register (EXR)

EXR is an 8-bit register that manipulates the LDC, STC, ANDC, ORC, and XORC instructions.
When these instructions except for the STC instruction is executed, all interrupts including NMI
will be masked for three states after execution is completed.

Bit Bit Name Initial Value R/W Description

7 T 0 R/W  Trace Bit

When this bit is set to 1, a trace exception is generated
each time an instruction is executed. When this bit is
cleared to 0, instructions are executed in sequence.

6t03 — All 1 - Reserved
These bits are always read as 1.
2 12 1 R/W  These bits designate the interrupt mask level (0 to 7).
11 For details, refer to section 5, Interrupt Controller.
0 10
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2.4.4 Condition-Code Register (CCR)

This 8-bit register contains internal CPU status information, including an interrupt mask bit (I) and
half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional branch

(Bcc) instructions.

Bit Bit Name Initial Value R/W Description

7 I 1 R/W  Interrupt Mask Bit
Masks interrupts other than NMI when set to 1. NMl is
accepted regardless of the | bit setting. The | bit is set to 1
by hardware at the start of an exception-handling
sequence. For details, refer to section 5, Interrupt
Controller.

6 ul undefined R/W User Bit or Interrupt Mask Bit
Can be written and read by software using the LDC, STC,
ANDC, ORC, and XORC instructions. This bit cannot be
used as an interrupt mask bit in this LSI.

5 H undefined R/W Half-Carry Flag
When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B or
NEG.B instruction is executed, this flag is set to 1 if there is
a carry or borrow at bit 3, and cleared to 0 otherwise. When
the ADD.W, SUB.W, CMP.W, or NEG.W instruction is
executed, the H flag is set to 1 if there is a carry or borrow
at bit 11, and cleared to 0 otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag
is set to 1 if there is a carry or borrow at bit 27, and cleared
to 0 otherwise.

4 U undefined R/W User Bit
Can be written and read by software using the LDC, STC,
ANDC, ORC, and XORC instructions.

3 N undefined R/W Negative Flag
Stores the value of the most significant bit of data as a sign
bit.

2 z undefined R/W Zero Flag

Set to 1 to indicate zero data, and cleared to 0 to indicate
non-zero data.
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Bit Bit Name Initial Value R/W Description

1 \% undefined R/W Overflow Flag

Set to 1 when an arithmetic overflow occurs, and cleared to
0 at other times.

0 C undefined R/W Carry Flag

Set to 1 when a carry occurs, and cleared to 0 otherwise.
Used by:

e Add instructions, to indicate a carry

e Subtract instructions, to indicate a carry
¢ Shift and rotate instructions, to indicate a carry

They carry flag is also used as a bit accumulator by bit
manipulation instructions.

2.4.5 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR bits
and the general registers are not initialized. In particular, the stack pointer (ER7) is not initialized.

The stack pointer should therefore be initialized by an MOV.L instruction executed immediately
after a reset.

2.5 Data Formats

The H8S/2000 CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2,
..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as two
digits of 4-bit BCD data.

2.5.1 General Register Data Formats

Figure 2.9 shows the data formats in general registers.
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Data Type Register Number Data Image
7 0
1-bit data RnH 7.6:5.4.3:2:1io|_____I_D_O_n_'t_C_a_r'_s______:
___________________ 7 0
1-bit data RnL - Don't care | 716151413121 110
7 43 o .
4-bit BCD data RnH | Upper | Lower | Don't care 1
.................. a4
___________________ 7 4 3 0
4-bit BCD data RnL E Don't care | Upper | Lower |
7 0
Byte data RnH N | Don't care '
1 L L L L L L Y
MSB LSB
___________________ 7 0
Byte data RnL ! Don't care | : : : : : : :
___________________ L L L L L L L
MSB LSB
Figure 2.9 General Register Data Formats (1)
Data Type Register Number Data Image
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15 0
MSB En RN LSB
Legend:
ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure 2.9 General Register Data Formats (2)
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2.5.2 Memory Data Formats

Figure 2.10 shows the data formats in memory. The H8S/2000 CPU can access word data and
longword data in memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the address is regarded as 0, so the access starts at the preceding address. This

also applies to instruction fetches.

When SP (ER7) is used as an address register to access the stack, the operand size should be word

size or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Address Data Image
/\/
7 0

AddressL [ 7 6 [5]a]3|2]1]o0

Address L MSBE

Lo 1 1 uLsB

Address 2M MSBE

Address 2M+1

ELSB

Address 2N

Address 2N+1

Address 2N+2

Address 2N+3 E

i1 1 iLsB

Figure 2.10 Memory Data Formats

2.6 Instruction Set

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function in

table 2.1.
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Table 2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/W/IL 5
POP*", PUSH*' WIL
LDM*°, STM*® L
MOVFPE*’, MOVTPE*® B
Arithmetic ADD, SUB, CMP, NEG B/W/L 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC B/W/L
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
EXTU, EXTS W/L
TAS** B
Logic operations  AND, OR, XOR, NOT B/WI/L
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, B/W/L
ROTXR
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bce*?, JMP, BSR, JSR, RTS -
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, -
NOP
Block data transfer EEPMOV - 1
Total: 65

Legend: B: Byte size

W: Word size

L: Longword size
Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn, @-
SP. POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,
@-SP.
Bcc is the general name for conditional branch instructions.
Cannot be used in this LSI.
Only register ERO, ER1, ER4, or ERS5 should be used when using the TAS instruction.
ER?Y is used as a stack pointer in STM and LDM instructions. ER7, therefore, should not
be used as a saving (STM) or restoring (LDM) register.

o wn
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2.6.1 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarizes the instructions in each functional category. The notation used in
tables 2.3 to 2.10 is defined below.

Table 2.2  Operation Notation

Symbol Description

Rd General register (destination)*
Rs General register (source) *
Rn General register*

ERn General register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register
CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

x Multiplication

+ Division

A Logical AND

v Logical OR

@ Logical exclusive OR

- Move

~ NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER?7).
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Table 2.3  Data Transfer Instructions

Instruction Size*!

Function

MOV B/W/L  (EAs) —> Rd, Rs — (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B Cannot be used in this LSI.
MOVTPE B Cannot be used in this LSI.
POP WiIL @SP+ —> Rn
Pops a general register from the stack. POP.W Rn is identical to MOV.W
@SP+, Rn. POP.L ERn is identical to MOV.L @SP+, ERn
PUSH WiL Rn - @-SP
Pushes a general register onto the stack. PUSH.W Rn is identical to
MOV.W Rn, @-SP. PUSH.L ERn is identical to MOV.L ERn, @-SP.
LDM*? L @SP+ — Rn (register list)
Pops two or more general registers from the stack.
STM*2 L Rn (register list) > @-SP

Pushes two or more general registers onto the stack.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word

L: Longword

2. ERT7 is used as a stack pointer in STM and LDM instructions. ER7, therefore, should not
be used as a saving (STM) or restoring (LDM) register.
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Table 2.4  Arithmetic Operations Instructions

Instruction Size*' Function

ADD B/WI/L Rd + Rs —» Rd, Rd = #IMM — Rd

SUB Performs addition or subtraction on data in two general registers, or on
immediate data and data in a general register. (Immediate byte data
cannot be subtracted from byte data in a general register. Use the SUBX
or ADD instruction.)

ADDX B Rd +Rs + C —» Rd, Rd + #lMM + C — Rd

SUBX Performs addition or subtraction with carry or borrow on byte data in two
general registers, or on immediate data and data in a general register.

INC B/WI/L Rd+1—->Rd,Rd+2 - Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1—>Rd,Rd+2 > Rd,Rd+4 - Rd

SUBS Adds or subtracts the value 1,2, or 4 to or from data in a 32-bit register.

DAA B Rd (decimal adjust) > Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the OCR to produce 4-bit BCD data.

MULXU B/W Rd x Rs - Rd
Performs unsigned multiplication on data in two general registers: either
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd x Rs - Rd
Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

DIVXU B/W Rd + Rs - Rd
Performs unsigned division on data in two general registers: either 16
bits + 8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits —
16-bit quotient and 16-bit remainder.

DIVXS B/W Rd + Rs - Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits — 8-bit quotient and 8-bit remainder or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

CMP B/WIL Rd - Rs, Rd — #IMM

Compares data in a general register with data in another general register
or with immediate data, and sets CCR bits according to the result.
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Instruction Size*'

Function

NEG B/WIL

0-Rd—Rd

Takes the two's complement (arithmetic complement) of data in a
general register.

EXTU WIL

Rd (zero extension) —» Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by padding with zeros on the
left.

EXTS WiL

Rd (sign extension) - Rd

Extends the lower 8 bits of a 16-bit register to word size, or the lower 16
bits of a 32-bit register to longword size, by extending the sign bit.

TAS*? B

@ERd -0, 1 — (<bit 7> of @ERJ)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

Notes: 1. Size refers to the operand size.

B: Byte
W: Word

L: Longword

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

Table 2.5

Instruction Size*

Logic Operations Instructions

Function

AND B/WI/L

Rd A Rs — Rd, Rd A #IMM — Rd

Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/WIL

Rd v Rs - Rd, Rd v #IMM — Rd

Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/WIL

Rd @ Rs - Rd, Rd @ #IMM — Rd

Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WIL

~Rd - Rd

Takes the one's complement (logical complement) of general register
contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.6  Shift Instructions

Instruction Size* Function

SHAL B/W/L Rd (shift) > Rd

SHAR Performs an arithmetic shift on general register contents. 1-bit or 2 bit
shift is possible.

SHLL B/W/L Rd (shift) »> Rd

SHLR Performs an logical shift on general register contents. 1-bit or 2 bit shift is
possible.

ROTL B/WIL Rd (rotate) —» Rd

ROTR Rotates general register contents. 1-bit or 2 bit rotation is possible.

ROTXL B/W/L Rd (rotate) -» Rd

ROTXR

Rotates general register contents through the carry flag. 1-bit or 2 bit
rotation is possible.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table 2.7  Bit Manipulation Instructions

Instruction Size* Function

BSET B 1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BCLR B 0 — (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0. The
bit number is specified by 3-bit immediate data or the lower three bits of
a general register.

BNOT B ~ (<bit-No.> of <EAd>) —> (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The bit
number is specified by 3-bit immediate data or the lower three bits of a
general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z

Tests a specified bit in a general register or memory operand and sets or
clears the Z flag accordingly. The bit number is specified by 3-bit
immediate data or the lower three bits of a general register.

BAND B C A (<bit-No.> of <EAd>) — C

ANDs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIAND B C A ~ (<bit-No.> of <EAd>) — C

ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag. The
bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in a general register or memory
operand and stores the result in the carry flag.

BIOR B C v ~ (<bit-No.> of <EAd>) - C

ORs the carry flag with the inverse of a specified bit in a general register
or memory operand and stores the result in the carry flag. The bit
number is specified by 3-bit immediate data.

Note: * Size refers to the operand size.
B: Byte
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Instruction Size*

Function

BXOR B C @ (<bit-No.> of <EAd>) —» C
Exclusive-ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag.

BIXOR B C @ ~ (<bit-No.> of <EAd>) > C
Exclusive-ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BLD B (<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory to the carry flag.

BILD B ~ (<bit-No.> of <EAd>) —» C
Transfers the inverse of a specified bit in a general register or memory
operand to the carry flag. The bit number is specified by 3-bit immediate
data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in a general register or
memory operand.

BIST B ~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in a general
register or memory operand. The bit number is specified by 3-bit
immediate data.

Note:* Size refers to the operand size.

B: Byte
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Table 2.8

Instruction Size

Branch Instructions

Function

Bcc - Branches to a specified address if a specified condition is true. The

branching conditions are listed below.

Mnemonic Description Condition

BRA (BT) Always (true) Always

BRN (BF) Never (false) Never

BHI High Cvz=0

BLS Low or same Cvz=1

BCC (BHS) Carry clear C=0

(high or same)

BCS (BLO) Carry set (low) c=1

BNE Not equal Z=0

BEQ Equal Z=1

BVC Overflow clear V=0

BVS Overflow set V=1

BPL Plus N=0

BMI Minus N=1

BGE Greaterorequal N®V =0

BLT Less than NeV=1

BGT Greater than Zv(N®V)=0

BLE Less or equal Zv(N®eV)=1
JMP - Branches unconditionally to a specified address.
BSR - Branches to a subroutine at a specified address
JSR - Branches to a subroutine at a specified address
RTS - Returns from a subroutine
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Table 2.9  System Control Instruction
Instruction Size* Function
TRAPA - Starts trap-instruction exception handling.
RTE - Returns from an exception-handling routine.
SLEEP - Causes a transition to a power-down state.
LDC B/W (EAs) > CCR, (EAs) » EXR
Moves the source operand contents or immediate data to CCR or EXR.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers CCR or EXR contents to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP - PC+2 - PC

Only increments the program counter.

Note:* Size refers to the operand size.
B: Byte
W: Word
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Table 2.10 Block Data Transfer Instruction

Instruction Size

Function

EEPMOVB -

EEPMOV.W —

if R4L = 0 then
Repeat @QERS+ —» @ER6+
R4L-1 - R4L
UntilR4L =0
else next;

if R4 = 0 then
Repeat @ER5+ -» @ER6+
R4-1 - R4
UntiilR4 =0
else next;
Transfer a data block. Starting from the address set in ERS5, transfers

data for the number of bytes set in R4L or R4 to the address location
set in ERG.

Execution of the next instruction begins as soon as the transfer is
completed.
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2.6.2 Basic Instruction Formats

The H8S/2000 CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op), a register field (r), an effective address extension (EA), and a condition field

(cc).
Figure 2.11 shows examples of instruction formats.

e Operation Field

Indicates the function of the instruction, the addressing mode, and the operation to be carried
out on the operand. The operation field always includes the first four bits of the instruction.
Some instructions have two operation fields.

e Register Field

Specifies a general register. Address registers are specified by 3 bits, data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.

e Effective Address Extension
8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
e Condition Field

Specifies the branching condition of Bcce instructions.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op rn rm ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extensi

on

op m rm

MOV.B @(d:16, Rn), Rm, etc.
EA(disp)

(4) Operation field, effective address extension, and condition field

op cc EA(disp) BRA d:16, etc.

Figure 2.11 Instruction Formats (Examples)

Rev.7.00 Dec. 24, 2008 Page 57 of 698
REJ09B0074-0700
RENESAS




Section2 CPU

2.7 Addressing Modes and Effective Address Calculation

The H8S/2000 CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute addressing mode to specify an operand, and register direct (BSET, BCLR,
BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit number in

the operand.

Table 2.11 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERnN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERN)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERn
5  Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xx:8/#xx:16/#xx:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8  Memory indirect @@aa:8

2.7.1 Register Direct—Rn

The register field of the instruction specifies an 8-, 16-, or 32-bit general register containing the
operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 and EO to E7
can be specified as 16-bit registers. ERQ to ER7 can be specified as 32-bit registers.

2.7.2 Register Indirect—@ERn

The register field of the instruction code specifies an address register (ERn) which contains the
address of the operand on memory. If the address is a program instruction address, the lower 24
bits are valid and the upper 8 bits are all assumed to be 0 (H'00).
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2.7.3 Register Indirect with Displacement—@)(d:16, ERn) or @(d:32, ERn)

A 16-bit or 32-bit displacement contained in the instruction is added to an address register (ERn)
specified by the register field of the instruction, and the sum gives the address of a memory
operand. A 16-bit displacement is sign-extended when added.

2.7.4 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @-ERn

Register Indirect with Post-Increment—@ERn+: The register field of the instruction code
specifies an address register (ERn) which contains the address of a memory operand. After the
operand is accessed, 1, 2, or 4 is added to the address register contents and the sum is stored in the
address register. The value added is 1 for byte access, 2 for word transfer instruction, or 4 for
longword transfer instruction. For word or longword transfer instruction, the register value should
be even.

Register Indirect with Pre-Decrement—@-ERn: The value 1, 2, or 4 is subtracted from an
address register (ERn) specified by the register field in the instruction code, and the result becomes
the address of a memory operand. The result is also stored in the address register. The value
subtracted is 1 for byte access, 2 for word transfer instruction, or 4 for longword transfer
instruction. For word or longword transfer instruction, the register value should be even.

2.7.5 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute address
may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits long
(@aa:32). Table 2.12 indicates the accessible absolute address ranges.

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1 (HFFFF).
For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit absolute address can
access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8 bits
are all assumed to be 0 (H'00).
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Table 2.12 Absolute Address Access Ranges

Absolute Address Normal Mode* Advanced Mode
Data address 8 bits (@aa:8) H'FF00 to H'FFFF H'FFFFOO0 to H'FFFFFF
16 bits (@aa:16) H'0000 to H'FFFF H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction 24 bits (@aa:24)
address

Note: * Not available in this LSI.

2.7.6 Immediate—#xx:8, #xx:16, or #xx:32

The instruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as an
operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, specifying a bit
number. The TRAPA instruction contains 2-bit immediate data in its instruction code, specifying a
vector address.

2.7.7 Program-Counter Relative—@)(d:8, PC) or @(d:16, PC)

This mode is used in the Bee and BSR instructions. An 8-bit or 16-bit displacement contained in
the instruction is sign-extended and added to the 24-bit PC contents to generate a branch add